In a previous study, the properties and mechanism of peeling in terms of nickel electroforming were investigated by changing the activation treatment and the surface roughness of the plate and varying the treatment conditions (concentration, time, and temperature) of potassium dichromate solution. In this study, the chromate treatment was carried out on noble metals, base metals, and Cu-Zn alloy. It was found that chromate films can be formed on noble metal plates. The thickness of chromate film was different on noble metal and base metal plates, and was less than about 15 nm on the noble metal plates, but was in the order of the standard electrode potentials (SEP) on base metal plates. It was found that the chromate films formed on all metal plates contained metal elements of that plate.
Introduction
Original plates for electroforming are prepared by photolithography or mechanical processing of metal materials in the manufacture of minute products. The master plate must be prepared from the original plate by photolithography in order to enable electroconductive film to be formed on the surface of the photoresist. This electroconductive film is prepared by silver spraying, 1) vacuum deposition, or sputtering.
2) The electroformed plate described above is reused as a master plate. On the other hand, the preparation of a mother plate from the original plate made by mechanical processing requires a chemical exfoliation treatment. As a method of exfoliation treatment, the surface is coated chemically with the inorganic material such as a chromate salt, sulfide, iodide, oxide, or with a hydrophilic colloid film of protein. The deterioration of the original metal plate treated chemically is nominal and it is preserved as a master plate.
In the previous study, 3) the authors investigated the parameters affecting the peeling force and the peeling mechanism of a film prepared by nickel electroforming, by varying the exfoliation conditions and using a potassium dichromate water solution for exfoliation treatment. In this study, to elucidate the basic formation mechanism and the characteristics of chromate films prepared on the various metal plates in terms of the pretreatment before electroforming, we investigated the method of chromate treatment using potassium dichromate as a reagent.
Experimental

Preparation of plates
To elucidate the basic formation mechanism and the characteristics of chromate films prepared on various metal plates from the standpoint of the difference in the standard electrode potential (SEP), seven kinds of rolled plates made of Ag, Cu, Ni, Sn, Fe, Zn, and 6:4 brass were used. The plate size was 0:5 mm Â 10 mm Â 10 mm. A final polish with 4,000-grit water-resistant emery paper by hand in one direction was performed for all plates. Table 1 shows the duration of degreasing, activation, and chromate treatments. The plates were degreased with Ace Clean 850 (Okuno Pharmaceutical Industries; the concentration was 40 g/L, and the temperature was maintained at 40 C) for 5 min. However, the Zn plates were degreased for 30 s at room temperature because Zn is an amphoteric metal. Then, the plates were dipped into 3 vol% sulfuric acid for 5 min as the activation treatment. However, the Zn plate and Fe plate were dipped for 2 s at room temperature because these metals dissolve easily in dilute sulfuric acid. The conditions of chromate treatment were as follows: the concentration of solution was fixed at 2 g/L, and treatment time was varied at 5, 10, and 15 min. The chromate treatment was conducted in a water bath in order to maintain the temperature at 30 AE 1 C.
Measurement procedure
The surfaces of chromate films on plates were observed using a scanning electron microscope (SEM, S-4800, Hitachi) with a 45 deg tilt. The thickness and composition of chromate film were analyzed using Auger electron spectroscope (Model 680, ULVAC PHI; AES) analysis equipment and the depth direction profiles of elements were prepared. The surfaces of plates were etched at a rate of 5 nm/min with argon ions under the electron beam conditions of 15 kV and 10 nA, and the compositions of chromate films were analyzed every 18 s. The surface of the Zn plate was roughened by the activation treatment. It was difficult to measure the thickness of films prepared on a rough surface, from AES profiles. Therefore, the surface was coated with tungsten as a protective film, and the cross sections of chromate films were etched utilizing a focused ion beam (FIB). Then, film thickness was measured by observing the cross section with a SEM (NOVA2000, FEI). The arithmetrical mean roughness (Ra) of Zn plates treated under various chromate conditions was measured at 3 points using the atomic force microscope (Nanoscope IIIa, Digital Instrument; AFM).
Results and Discussion
3.1 Observation of surface and cross section of chromate film on Zn plate Figure 1 shows the SEM micrographs of Zn plates and chromate films formed on those plates. To observe the projections (unevenness) on the surface, this SEM image is photographed with a 45 deg tilt. Figure 1 (a) is an image of the surface polished with 4,000-grit water-resistant emery paper; slight scratching is observed. Figure 1 Ra of the prepared chromate film surfaces shown in (c) and (d) increased comparing with that in (b) which was degreased and activated. Moreover, Figure 2 shows the SEM micrographs of chromate films ( Fig. 1(d) ) on the Zn plates after etching with FIB when the concentration of potassium dichromate was 2 g/L and treatment time was 15 min. Irregular projections (unevenness) are seen at the boundary of the Zn plate and chromate film, and on the surface of chromate film. Even when the chromate film forms on the surface of the plate, the irregular projections remain. From the result described above, it was found that the leveling of 
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Thickness of chromate film 1000 nm the surface is not accomplished by the formation of chromate film.
3.2 Characterization of chromate films on various metal plates Next, the formation of chromate film on the surfaces of metal plates with different SEPs and the atomic contents of various elements in the chromate films were investigated. Figure 3 shows the depth direction profiles of chromate films prepared on various metal plates with the chromate treatment time of 15 min. The abscissa shows the etching time (min) with argon gas, where the etching rate was 5 nm/min. The thicknesses of chromate films were (a) about 10 nm on the Ag plate, (b) about 15 nm on the Cu plate, (c) about 10 nm on the Ni plate, and (d) about 25 nm on the Sn plate. Nevertheless, because the surface of the Zn plate was rugged as a result of etching by activation treatment, the measurement of the thickness of film using the AES was inaccurate. Therefore, as shown in Fig. 2 , the thicknesses of chromate films on Zn plates were measured by observing the cross-sectional micrographs. The thickness was found to be about 220$ 250 nm. The changes in the thickness of chromate films prepared on the plates with chromate treatment time are shown in Fig. 4 . The film thickness increases with the dipping time of chromate treatment, but the growth rate decreases after 5 min for films on Ag, Cu, and Ni plates. On the Zn, Fe, and Sn plates, however, the film thickness increases with the chromate treatment time, thus the growth was stopped after only a short time. No difference was observed between the thicknesses of chromate films on the plates of noble metal, Ag, Cu, and Ni, and the films were thin. The change in film thickness with treatment time was slight. However, the thickness of films on base metals of Zn, Fe, and Sn increased considerably with a decrease of the SEP of the metal plate. Figure 6 shows the contents of Cr, O, and plate metals in the surface layers of the chromate films plotted against the SEP, where chromate treatment time was 5 min. The chromate films on all plates contain plate metal elements. The plate metal contents in the chromate films are high on the plates of noble metals, but are low on the plates of base metals. Figure 7 shows the changes in the contents of (a) plate metal elements, (b) Cr, and (c) O in the surface layer of chromate films with dipping time in chromate solution. The content of plate metal elements (a) in the surface layer of chromate films on all plates decreased with dipping time in chromate solution. On the other hand, the Cr content (b) increased slightly with dipping time, and the O contents (c) increased with dipping time. That is, the film composition changes with film thickness on all plates.
In this study, taking into account the 6:4 brass often used as the material of the original plates for electroforming, the changes in the thickness of chromate films and in the contents of plate metals, Cr, and O with the mixing ratio of Zn were investigated. The results are shown in Fig. 8 . It was found that the thickness of chromate film on the Cu plate was not different from that on the 6:4 brass plate. However, the thickness of film on the Zn plate increased markedly, and was about 250 nm. The 6:4 brass is not a homogenous solid solution, and contains an intermetallic compound ( 0 phase). Because this compound is difficult to dissolve in chromate solution, chromate film is difficult to grow. 3.3 Consideration of formation mechanism of chromate film Some papers [5] [6] [7] have been published concerning the formation mechanism of chromate film. Suda and Shinohara 6) considered the self-healing function of chromate film to be as follows. 
5)
As shown in Fig. 6 , all the chromate films contain the respective plate metal elements. Concerning the mixing of plate metal elements in the chromate films, the dissolved plate metal elements diffuse to the chromate solution, but some remain in the films.
As shown in Fig. 4 , the thickness of chromate films differed with the plate metal. The chromate films do not grow beyond about 15 nm on the noble metal plate, whereas the films grow thicker with decreasing SEP on the base metal plate. The reason appears to be as follows. 2À ions with an increase in chromate film thickness. As a result, the initially prepared chromate film stopped growing (at about 15 nm in this experiment) in spite of the continuation of dipping.
On the other hand, the base metal plate was dissolved initially by both Cr 2 O 7 2À ions and H þ ions, and subsequently, the chromate films were formed. The Cr 2 O 7 2À ion cannot diffuse through the chromate film prepared in the same manner as the noble metals, so the plate does not dissolve. However, the H þ ion, whose radius is small, can diffuse through the films, reach the interface between the film and plate metal, and then dissolve the plate metals. Consequently, because the plate metals are increasingly dissolved with dipping time, thicker chromate films than on the noble metal plates are formed. It appears that the growth rate is faster on the base metals because of the SEP difference between the H þ ion and Sn, Fe, and Zn.
Conclusions
We obtained the following results by carrying out chromate treatment on the surfaces of rolled metal plates made of Ag, Cu, Ni, S, Fe, Zn, and 6:4 brass and by investigating the growth process of chromate film, the contents of plate metals, and the surface and cross sections of chromate films.
(1) The chromate films can also be formed on the noble metal plates. 
